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NATIONAL AERONAUTICS SPACE ADMINISTRATION 

TECHNICAL MEMORANDUM X-11 

AERODYNAMIC CHARACTERISTICS I N  PITCH, INCLUDING EFFECTS 

O F  HORIZONTAL-TAIL NEGATIVE DIHEDRAL ANGLE, OF A 

0 .048-SCALE MODEL OF A HORIZONTAL,-AmITUDE 

VTOL AIRPLANE AT TRANSONIC SPEEDS* 

By Walter B. Olstad 

SUMMARY 

An investigation was made of the aerodynamic characteristics in 
pitch of a 0.048-scale model of a horizontal-attitude vertical-take-off- 
and-landing (VTOL) airplane at Mach numbers from 0.60 to 1.20 and at 
angles of attack up to 25'. The effects of horizontal-tail negative 
dihedral and a modification to the fuselage indentation were also studied. 

The results indicated that the configuration with the 0' dihedral 
horizontal tail was statically unstable at zero lift for test Mach nun- 
bers from 0.60 to 1.05. Decreasing the horizontal-tail dihedral angle 
increased the static stability of the model. 
the -30' dihedral horizontal tail was statically stable throughout the 
Mach number range of the investigation although it approached a condi- 
tion of neutral stability at a Mach number of 0.90. The effectiveness 
of horizontal-tail negative dihedral in increasing the static stability 
of the model was due mainly to the effective lowering of the horizontal 
tail. 
mitted an increase in useful volume without incurring a large drag 
penalty. 

The configuration with 

The modification to the fuselage indentation of the model per- 

IXFRODUCTION Declasslffed by rtuthority of RASh 
Notices Ho.--m-- 

The ~ ~ d e l  tested 1s hori==ntalcgttitldde sidpersQfiic n i r n l  t ---- RnP - wit.h 
vertical take-off and landing capabilities. 
by rotating the wing-tip engine nacelles so that they are alined with 
the vertical. 

Vertical flight is achieved 

The jets from the two engines mounted in the rear of the 
* Title, Unclassified. 
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fuselage are  directed downward by means of cascades. Two engines D 

mounted forward i n  the fuselage are  used only for  v e r t i c a l  f l i g h t .  
forward f l i gh t ,  the wing-tip nacelles are  alined with the wing-chord 
plane and the j e t s  from the engines mounted i n  the rear  of the fuselage 
are  directed rearward. 

I n  

An investigation of the aerodynamic character is t ics  of t h i s  VTOL 
airplane has been conducted a t  transonic speeds i n  the Langley 8-foot 
transonic pressure tunnel. 
bers  ranging from 0.60 t o  1.20 and a t  angles of a t tack  up t o  2 5 O .  
ef fec ts  of horizontal- ta i l  negative dihedral angle were investigated i n  
addition t o  the e f fec ts  of a change i n  fuselage shape. 
Reynolds number based on the wing mean aerodynamic chord varied from 
1.42 x 10 

This  configuration was tes ted a t  Mach num- 
The 

The average t e s t  

6 6 t o  1.90 x 10 over the Mach number range of the investigation 

SYMBOLS 

t a i l  mean aerodynamic chord, i n .  

wing mean aerodynamic chord, i n .  

drag coefficient,  
qs, 

in te rna l  drag coefficient 

minimum drag coefficient 

drag due t o  lift factor,  averaged from CL = 0 t o  $ = 0.3 

incremental drag coefficient due t o  speed brakes 

L i f t  l i f t  coefficient,  - 
qsx 

l i f t  coefficient for  maximum l i f t -d rag  r a t i o  

l i f t -curve slope per degree, averaged from u = 0’ over 
l inear  portion of curve 

c 

V 
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lift-curve slope per degree of horizontal tail 

Pitching moment pitching-moment coefficient, 
QSWG 

pitching-moment coefficient contributed by horizontal tail 

static-longitudinal-stability parameter 

g, - Pa base pressure coefficient, 
Q 

distance *om 0.25ct to airplane center of gravity, in. 

maximum lift-drag ratio 

free-stream Mach number 

static pressure at model base, lb/sq ft 

free-stream static pressure, lb/sq, ft 

free-stream dynamic pressure, lb/sq ft 

Reynolds number based on wing mean aerodynamic chord 

exposed tail area, sq ft 

total wing area (measured between nacelle center lines), 
sq ft 

maximum wing section thickness 

tail volume coefficient, - 2 st 
cw sw 

mass flow through model 

mass flow through a free-stream tube of the same area as 
the inlet 

a angle of attack, deg 
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€ effective downwash angle at horizontal tail, deg 

- a€  aa rate of change of effective downwash angle at horizontal 
tail with angle of attack 

7 tail stability parameter 

Model component designations: 

B1 original fuselage 

B2 modified fuselage obtained by partially filling in the 
indentation of the original body 

small ventral fin F1 

large ventral fin F2 

horizontal tail with Oo dihedral angle Ho 

horizontal tail with -15' dihedral angle H15 

horizontal tail with -30° dihedral angle H30 

N wing-tip engine nacelles 

small vertical tail V1 

w wing 

APPARATUS AND TESTS 

Tunnel 

The tests were conducted in the Langley 8-foot transonic pressure 
tunnel which is a rectangular, slotted-throat, single-return tunnel 
designed to obtain aerodynamic data at transonic speeds while minimizing 
the effects of choking and blockage. During this investigation, the 
tunnel was operated at a stagnation pressure of approximately 1 atmos- 
phere. 
stant at approximately 0' F. The stagnation temperature of the tunnel 
was automatically controlled and was kept constant and uniform across 
the tunnel at 121' F. 

The dewpoint of the tunnel air was controlled and was kept con- 

Control of both dewpoint and stagnation 

L 
2 
4 
3 
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temperature i n  t h i s  manner minimized humidity e f f ec t s .  
t e s t  section have been presented i n  reference 1. 

Details of the 

Mode 1 

Dimensional d e t a i l s  of the 0.048-scale model of a horizontal- 
a t t i t u d e  VTOL airplane are presented i n  f igure  1 and tab le  I. 
graphs of the model shown mounted i n  the Langley 8-foot transonic 
pressure tunnel a r e  presented in  figure 2. 

Photo- 

The wing, which was mount>d high on the fuselage, w a s  unswept along 
the 50-percent-chord l i n e .  
r a t i o  of 0.433. 
6 5 ~ 0 0 5 .  
60 percent chord t o  the blunt t r a i l i n g  edge. 
t r a i l i n g  edge w a s  30 percent of the maximum thickness of the loca l  a i r -  
f o i l  section. 

It had an aspect r a t i o  of 2.42 and a taper 
The streamwise a i r f o i l  section w a s  a modified IIACA 

The thickness of t h i s  
The modification consisted of s t ra ight - l ine  f a i r ing  from the 

The fuselage, which had a fineness r a t i o  of 10.4, w a s  designed 
according t o  the supersonic area-rule concept and w a s  indented f o r  the 
wing and nacelles i n  order t o  give a favorable area dis t r ibut ion a t  a 
design Mach number of 1.4. 
investigation by adding some volume t o  the fuselage i n  the v i c in i ty  of 
the wing. 
cent of the volume removed by f u l l  identation. 

The identation w a s  modified during t h i s  

The modification resulted i n  replacing approximately 25 per- 

Two ram-type i n l e t s  with boundary-layer diverter p l a t e s  were mounted 
on the  s ides  of the fuselage beneath the wing. The a i r  taken in to  these 
i n l e t s  w a s  exhausted a t  the base of the model. 

An engine nacelle w a s  nounted on each wing t i p .  These nacelles 
were of fineness r a t i o  4.47. 
cross-sectional area of the nacelle, including t h a t  of the entering 
stream tube. 

The fineness r a t i o  w a s  based on the t o t a l  

One v e r t i c a l  t a i l  and two ventral f i n s  were tes ted .  All of these 
v e r t i c a l  surfaces were swept back along the quarter-chord l i n e  a t  approxi- 
mately 50°. 
dral  angle were investigated. 
and ,300 . 
zontal  t a i l ;  the smaller ventral  f i n  w a s  designed fo r  use with the 1.5' 
horizontal  t a i l ;  and the 30° horizontal t a i l  w a s  designed f o r  use with- 
out a ventral  f i n .  Details of these various t a i l  arrangements a re  pre- 
sented i n  figure l ( b ) .  

Three s e t s  of all-movable horizontal t a i l s  varying i n  dihe- 

The larger  ventral  f i n  was designed fo r  use with the Oo hori- 
The three dihedral angles were Oo, -l5', 

Two speed brakes were a l so  tested,  one on the upper surface of 
the fuselage behind the ve r t i ca l  t a i l  and one on the lower surface of  
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the  fuselage behind the ventral  f i n .  
presented i n  figure 1( c) . Details of the speed brakes a re  

Measurements and Accuracy 

Model forces and moments were measured by a six-component in te rna l  
strain-gage balance and converted t o  l i f t ,  drag, and pitching moment 
about the s t a b i l i t y  axes originating a t  a center-of-gravity location a t  
33 percent of the wing mean aerodynamic chord and 14.15 percent of the 
mean aerodynamic chord below the wing-chord plane. 
coefficients are  estimated t o  be within the following limits: 

L 
2 
4 

Accuracies of the 

C L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.02 3 

cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.O1 
CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  koa004 

The angles of a t tack were determined t o  within k0.15' by a pendulum- 
type inclinometer located i n  the s t ing  support and from a cal ibrat ion of 
s t ing  and balance deflection w i t h  respect t o  model load. 
s t a t i c -  and total-pressure tubes located a t  the base of the fuselage 
and a t  the base of each nacelle were used t o  determine the in te rna l  
drag coefficients and mass-flow r a t i o s .  
a re  estimated t o  be accurate t o  within kO.0003. 
mass-flow r a t i o s  i s  estimated t o  be within k0.02. 
cients were obtained from static-pressure or i f ices  located a t  the base 
of the fuselage, a t  the base of each nacelle, and i n  the balance chamber. 
The accuracy of these base pressure coefficients i s  estimated t o  be f0.05. 

Rakes of 

The in te rna l  drag coefficients 
The accuracy of the 

Base pressure coeffi- . 

Tests 

The model w a s  tes ted a t  Mach numbers from 0.60 t o  1.20 a t  angles 
of attack from approximately -2O t o  approximately 25O. 
t e s t s  the average t e s t  Reynolds number based on the wing mean aero- 

6 dynamic chord varied from 1.42 x 10 t o  1.90 x lo6. (See f i g .  3.)  The 
average t e s t  dynamic pressure w a s  a l s o  included i n  figure 3 .  

During these 

For the t e s t s  wi th  f ixed t rans i t ion ,  0.10-inch t r ans i t i on  s t r i p s  
were located a t  10 percent of the chord on a l l  aerodynamic surfaces and 
a t  10 percent of the fuselage and nacelle lengths. 
obtained by spraying the surfaces with a commercial l iqu id  p l a s t i c  and 
blowing on gra ins  of carborundum (approx. 0.012 inch i n  diameter) a t  
an estimated density of 40 grains per inch. 

The s t r i p s  were 
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Subsonic boundary interference is minimized by the slotted test 
section, and no corrections for this interference have been applied. 
The effects of supersonic boundary-reflected disturbances were reduced 
by testing the model several inches from the tunnel center line. No 
corrections for sting interference have been applied. The drag data 
have been adjusted to an assumed condition of free-stream static pres- 
sure acting over the model base by the base pressure coefficients pre- 
sented in figure 4. 
drag by use of the internal drag coefficients presented in figure 5. 
(In order to facilitate presentation of the data, staggered scales have 
been used in many of the figures and care should be taken in identifying 
the proper scale for each curve .) 
been applied. 

The drag data also have been corrected for internal 

No sting-interference corrections have 

RESULTS 

Typical mass-flow ratios for the model are presented in figure 6 
as a function of Mach number. The basic aerodynamic characteristics 
in pitch for the various complete-model configurations are presented 
in figures 7, 8, and 9. Pitching-moment data plotted as a function of 
lift coefficient for the model with the horizontal tail removed are 
presented in figure 10. 
moment coefficient contributed by the horizontal tail Cm,t. In fig- 
ure 11, the lift coefficient is presented for the three horizontal-tail 
configurations with the wing removed at various Mach numbers. 
data were used to determine the lift-curve slope of the horizontal tail 

These data were used to determine the pitching- 

These 

A brief analysis of the longitudinal characteristics is presented 
The variation with angle of attack of the effec- in figures 12 to 18. 

tive downwash angle at the horizontal tail shown in figure 14 was 
obtained from the expression 

The tail stability parameter (fig. 16) was computed from t i e  equatioii 
given in reference 2: 
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a. ..e 0 D O *  
a .  a .  .. 

.D 

The variation with Mach 
due to speed brakes is shown 

0. a. 0 * w e  a *  
0 . .  0 . .  . .*  0 a .  a . e * .  -.* 0 a * .  

..a .a 

s t 

number of the incremental drag coefficient 
in figure 19. 

DISCUSSION OF mSULTS 

Lift and Fitching-Moment Characteristics 

Lift characteristics.- The lift curves for the various model con- 
figurations tested were generally linear for lift coefficients up to 0.6 
throughout the Mach number range. (See figs. 7, 8(a), and 9(a) .) The 2 
lift-curve slope of the model with the Oo dihedral horizontal tail 
varied from 0.081 at a Mach number of 0.60 to 0.112 at a Mach number 

L 

4 
3 

of 0.95 (fig. 12). 
from Oo to -l?O, the lift-curve slope of the model increased by approxi- 
mately 2.5 percent throughout the Mach number range. A s  the horizontal- 
tail dihedral angle was reduced from 0' to -30°, the lift-curve slope 
of the model increased by approximately 6 percent throughout the Mach 
number range. 

A s  the horizontal-tail dihedral angle was reduced 

Pitching-moment characteristics.- The pitching-moment coefficient 
curves for the various complete-model configurations (figs. 7, 8(b), 
and 9(b)) were generally nonlinear throughout the lift-coefficient range. 
A condition of extreme stability was reached at lift coefficients 
between 0.7 to 0.8. 

parameter 

tail increased f r o m  about 0.03 at a Mach number of 0.60 to a peak value 
of 0.13 at a Mach number of 0.90 and then decreased to about -0.10 at 
a Mach number of 1.20 (fig. 1.3) . The model with Oo dihedral horizontal 
tail became stable at zero lift at a Mach number 1.05. Decreasing the 
horizontal-tail dihedral angle from 0' to -l5O decreased the static- 
longitudinal-stability parameter by approximately 0.02> to 0.075 through- 
out the Mach number range. However, this configuration was still 
unstable for all Mach numbers tested below 0.97. Decreasing the 
horizontal-tail dihedral angle from Oo to -30° decreased the static- 
longitudinal-stability parameter by 0.10 to 0.13 throughout the Mach 
number range. This configuration was stable at zero lift throughout 
the Mach number range although it approached a condition of neutral 
stability at a Mach number of 0.90. 
the horizontal-tail dihedral angle added stability to the model through- 
out the Mach number range for a lift coefficient of 0.4. 
coefficient only the model with the 0' dihedral horizontal tail exhibited 
any instability and that occurred in the immediate vicinity of a Mach 
number of 0.90. 

The value of the static-longitudinal-stability 

3% 
a% 
- at zero lift for the model with 0' dihedral horizontal 

Figure 13 also shows that decreasing 

At this lift 
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Effective downwash characterist ics.-  The variation of the effect ive 
downwash angle a t  the horizontal ta i l  with angle of a t tack i s  presented 
i n  figure 14 f o r  configurations w i t h  Oo, - l 5 O ,  and -30' horizontal- ta i l  
dihedral angles. The downwash characterist ics a re  different  fo r  the 
three tai ls  because the tai ls  vary i n  effect ive ver t ica l  location. The 
horizontal t a i l  w i t h  the 0' dihedral angle i s  i n  the highest effect ive 
ve r t i ca l  location while the horizontal t a i l  with the -30° dihedral angle 
i s  i n  the lowest effect ive ve r t i ca l  location. 

The average r a t e  of change of downwash angle with angle of a t tack  
f o r  angles of a t tack  from -2O t o  h0 i s  plot ted as a function of angle 
of a t tack i n  figure 15. The effective downwash derivative &:/& 
increased rapidly from a Mach number of 0.60 t o  a Mach number of 0.95 
and then decreased rapidly through the  transonic regime t o  a Mach nun- 
ber of 1.20 fo r  a l l  three horizontal-tail  configurations. The e f f ec t  
of decreasing the horizontal-tail  dihedral angle (lowering the effect ive 
ve r t i ca l  location) was t o  decrease the effect ive downwash derivative 
throughout the Mach number range. 

Contribution of horizontal t a i l  t o  s t ab i l i t y . -  Figure 16 shows the 
variation w i t h  angle of a t tack of the t a i l  s t a b i l i t y  parameter 
horizontal- ta i l  dihedral angles of Oo, -l5O, and -3OO. 
b i l i t y  parameter generally became more negative, tha t  is, the configura- 
t i o n  became more stable,  w i t h  increasing angle of a t tack fo r  angles of 
a t tack  up t o  about 12O. A decrease i n  horizontal- ta i l  dihedral  angle 
generally increased the s t a b i l i t y  of the model fo r  angles of a t tack  up 
t o  about loo. This increase i n  s t a b i l i t y  with decrease i n  horizontal- 
t a i l  dihedral angle was largely due t o  the decrease i n  effect ive dam- 
wash derivative.  The effect ive downwash derivative i s  a function of 
the ve r t i ca l  posit ion of the t a i l  with respect t o  the wing but not of 
the t a i l  geometry. 
t a i l  dihedral angle i n  increasing the airplane s t a b i l i t y  i s  due mainly 
t o  the effective lowering of the horizontal t a i l .  

T f o r  
The t a i l  sta- 

Thus, it appears t ha t  the effectiveness of horizontal- 

Drag Characteristics 

Minimum drag;.- The ef fec t  on the minimum drag of a modification t o  
the indentation of the model fuselage i s  shown i n  figure 17. The modi- 
f i ca t ion  consisted of replacing approximately 25 percent of the volume 
removed by f u l l  indentation. A t  subsonic speeds, the minimum drag 
coeff ic ient  fer %he t w o  cnnfigurations w i t h  t rans i t ion  fixed i s  about 
0.041. 
area presented t o  the flow by the fuselage, nacelles, and aerodynamic 
surfaces.  
e f f e c t  on the minimum drag coefficient except i n  the neighborhood of 
M = 1.05 

This value i s  quite large because of the large amount of wetted 

At Mach numbers above 0.9, the modification had anly a d n c r  

where the modification increased the minimum drag coefficient 
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. by about 0.005. 
volume without incurring a large drag penalty. 

Thus, the modification permitted an increase i n  useful 

Fixing t rans i t ion  ( f i g .  17) generally increased the m i n i m u m  drag 
coefficient by 0.002 t o  0.004 throughout the Mach number range. 
e f f ec t  of decreasing horizontal- ta i l  dihedral angle on the minimum drag 
coefficient was negligible and has not been presented. 

The 

ac, DraR a t  l i f t i n g  conditions.- The drag-due-to-lift factor  - 
hCL2 L 

averaged over a l i f t -coef f ic ien t  range from 0 t o  0.3 increased s teadi ly  
from a value of about 0.145 a t  a Mach number of 0.60 t o  0.195 a t  a Mach 
number of 1.20. (See f i g .  17.) The ef fec ts  of the modification t o  the 3 

2 
4 

body and of t rans i t ion  were negligible and are  not presented for  the 
sake of c la r i ty .  
angle on the drag-due-to-lift factor  was a l so  negligible and has not 
been included i n  the f igure.  
dihedral angle had no noticeable e f fec t  upon the drag character is t ics  
of the model, a l l  of the following discussion which r e l a t e s  specif ical ly  
t o  the configuration with the Oo dihedral horizontal t a i l  a l so  applies 
t o  the configurations with -l5O and -30° dihedral horizontal ta i ls .  

The e f fec t  of changing the horizontal- ta i l  dihedral 

Since the changes i n  horizontal- ta i l  

The maximum l i f t -drag  r a t i o  for  the model w a s  nearly constant at 
a value of 6.4 for  the Mach number range from 0.60 t o  0.9. 
f i g .  18.) 
value of about 4.7 a t  a Mach number of 1.00 and began decreasing more 
slowly t o  a value of 3.9 a t  a Mach number of 1.20. These r e l a t ive ly  
low values of maximum l i f t -drag  r a t i o  a re  caused i n  pa r t  by the large 
f r i c t i o n  drag discussed previously. A t  ful l -scale  Reynolds numbers, 
it i s  expected that the friction-drag coefficient would not be so high 
and the maximum l i f t -drag  r a t i o  would be increased. 
t r a t e  th i s  e f fec t ,  the friction-drag coefficient a t  several  Mach numbers 

was adjusted t o  a Reynolds number of 20 x 10 
turbulent flow assumed). 
which would be obtained on the fu l l - sca le  airplane i n  l eve l  f l i g h t  a t  

(See 
The maximum l i f t -d rag  r a t i o  then decreased sharply t o  a 

In order t o  i l l u s -  

6 (with f u l l y  developed 
This Reynolds number is  approximately tha t  

. It has been assumed tha t  the surface roughness of the ful l -scale  CLopt 
airplane i s  comparable w i t h  that of the model. 
r a t io s  are indicated i n  figure 18. 

The resu l t ing  l i f t -d rag  

The l i f t  coefficient for  maximum l i f t -d rag  r a t i o  increased from 
approximately 0.41 a t  a Mach number of 0.60 t o  0.72 a t  a Mach number 
of 1.05. Values of CL adjusted t o  ful l -scale  Reynolds number a re  

presented i n  figure 18. 
opt 
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Effect of speed brakes.- Speed brakes were added to the configura- 
tion with the Oo horizontal tail in the locations indicated in figure l(c) . 
Figure 19 indicates that the addition of these speed brakes produced an 
incremental drag coefficient of about 0.061 to 0.065 at subsonic speeds, 
which decreased to approximately 0.055 at Mach numbers of 1.13 and above. 

CONCLUSIONS 

An investigation of the aerodynamic characteristics in pitch, 
including the effects of horizontal-tail negative dihedral angle, of 
a 0.048-scale model of a horizontal-attitude VTOL airplane at transonic 
speeds has led to the following conclusions: 

1. The model with a Oo dihedral horizontal tail was statically 
unstable at zero lift for test Mach numbers from 0.60 to 1.05. 
Decreasing the horizontal-tail dihedral angle increased the static 
stability of the model. 
zontal tail was statically stable throughout the Mach number range 
although it approached a condition of neutral stability at a Mach num- 
ber of 0.90. 

The configuration with the -30° dihedral hori- 

2. The effectiveness of horizontal-tail negative dihedral in 
increasing the static stability of the model was due mainly to the 
effective lowering of the horizontal tail. 

3 .  A modification to the fuselage of the model which consisted of 
replacing approximately 25 percent of the volume removed by full inden- 
tation permitted an increase in Qseful volume without incurring a large 
drag penalty. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., February 17, 1959. 
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Center-of gravity location: 
Longitudinal ( s ta t ion  16 -644 i n .  ) . . . . . . . . . . . . . . . . . . .  
Vertical  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.768 i n .  below 

0 .33Ew 

wing: 
Ai r fo i l  section . . . . . .  Modified 6s005 (trailing-edge thickness, 0 . 3 h )  
Total area (measured between nacelle center l ines) ,  sq f t  . . . . . . .  0.447 
Span (measured between nace1l.e center lines), i n .  . . . . . . . . . . .  12.456 
Mean aerodynamic chord, Ew, i n .  . . . . . . . . . . . . . . . . . . . .  5.424 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.42 
%per r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.433 

9.3 Sweepback of quarter-chord l ine ,  deg 
Incidence, deg 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 Dihedral, deg 
Distance of above body reference l ine,  in. . . . . . . . . . . . . .  1.056 

. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IIO Horizontal t a i l s :  

Ai r fo i l  section . . . . . . . . . . . .  NACA 65~004 
Exposed axea, sq f t  . . . . . . . . . . . . .  0.1051 
Exposed span, in .  . . . . . . . . . . . . . .  6.528 
Mean aerodynamic chord of exposed 

t a i l ,  Et, i n .  . . . . . . . . . . . . . . .  2.405 
Exposed aspect r a t i o  . . . . . . . . . . . .  2.81 
Exposed taper r a t i o  . . . . . . . . . . . . .  0.496 
Sweep of quarter-chord l ine,  deg . . . . . .  29.6 
Incidence, deg . . . . . . . . . . . . . . .  0 
Dihedral, deg . . . . . . . . . . . . . . . .  0 
T a i l  length, i n .  . . . . . . . . . . . . . .  12.168 
Distance of E t  below body reference 

l ine ,  i n .  . . . . . . . . . . . . . . . . .  0.163 

H15 
NACA 65AiAo04 

0 .logo 
6.528 

2.496 
2.71 

0.496 
29.6 

0 
-15 

12.300 

1.220 

H30 
NACA 65A004 

0.1212 
6.528 

2.772 
2.44 
0 -497 

29.6 
0 

-30 
12 .?TO 

1.836 

Vertical  t a i l :  
A i r f o i l  section . . . . . . . . . . . . . . . . . . . . . . . . . .  “ A C A  65A004 
Exposed area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0638 
Exposed span, in. . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.264 

Exposed taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.408 
Exposed aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.16 

Sweepback of qwrter-chord l ine,  deg 47 -55 . . . . . . . . . . . . . . . . .  
F1 F2 Ventral f ins :  

A i r f o i l  section . . . . . . . . . . . . . . . . . . .  NACA 65A004 NACA 65AOO4 
Total area,  sq f t  . . . . . . . . . . . . . . . . . . . . .  0.02& 0.0342 
Total span, in. . . . . . . . . . . . . . . . . . . . . . .  1.680 1.680 
Aspect r a t i o  0.656 0.357 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.463 0.620 
Sweepback of quarter-chord l ine,  deg . . . . . . . . . . .  47.78 49 .oo 

. . . . . . . . . . . . . . . . . . . . . . .  
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Figure 1.- Continued. 
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(a) Base pressure coefficients at base of fuselage. 

Figure 4.- Variation of the base pressure coefficients with angle of 
attack. 
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(b) Base pressure coefficients at base of wing-tip nacelles. Plain 
symbols indicate values for the starboard nacelle; flagged symbols 
indicate values for the port nacelle. 

Figure 4. - Concluded. 
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Figure 5.- 
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Variation of the internal drag coefficient with angle of 
attack. 
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Lift coefficient ,CL 

(a) M = 0.60. 

Figure 7.- Basic aerodynamic characteristics of the model with hori- 
zontal tails having 0' dihedral. 
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(b) M = 0.80. 
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Figure 7.-  Continued. 
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Lift coefficient, CL 

(c) M = 0.90. 

Figure 7.- Continued. 
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WB,NbF2V, Fixed 
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Ltft cwffiricnt, CL 

( e )  M = 1.00. 

Figure 7 .  - Continued. 
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Figure 7.- Continued. 
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Figure 7.- Concluded. 
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(a) Effect of a on CL. 

Figure 8.- Basic aerodynamic characteristics of the model with hori- 
zontal tails having -15' dihedral. 
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Figure 8.- Continued. 
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Figure 9.- Basic aerodynamic characteristics of the model with hori- 
zontal tails having -30' dihedral. 
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Figure 8.- Concluded. 
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(b) Variation of C, with CL. 

Figure 9.-  Continued. 



38 

1 
,E -t 

M.060 ~ 80 ~ 9C  
G O O  

.95 
0 
- 

0 0 0 0 . 2  
Lift coefficient. CL 

( c )  Variation of CD 

Figure 9.- Concluded. . 
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( a) Configuration B&F2V1. 

Figure 11.- Variation w i t h  lift coefficient of angle of a t tack fo r  the 
model with wing o f f .  
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(b) Configuration B2HlgF1V1. 

Figure L1.- Continued. 
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Lift coefficient, CL 

( c) Configuration B ~ H ~ ~ v ~ .  

Figure 11. - Concluded. 
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Figure 13.- Variation with Mach number of the static-longitudinal- 
stability parameter. 
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